The primary aim of this secondary analysis was to compare changes in dietary intake among participants randomized to two versions of a 12-week commercial web-based weight loss program (basic or enhanced) with a waiting-list control. An additional investigation compared changes in dietary intake of successful participants (weight loss X5%) with those not successful. SUBJECTS/METHODS: Dietary intake was assessed at baseline and 12 weeks using a validated 120-item semiquantitative food frequency questionnaire. Adults (n ¼ 268, 60% female participants, body mass index 32.1 ± 3.9) classified as plausible reporters of energy intake were included in the analyses. Analysis of covariance with baseline observations carried forward for drop-outs (n ¼ 38) was used. RESULTS: The basic and enhanced groups significantly increased their percentage of energy contribution from fruits and reduced energy-dense, nutrient-poor foods compared with controls (Po0.001). Successful participants (n ¼ 49) reported superior improvements in dietary intake including greater reductions in the mean daily energy intake (Po0.001), the percentage of energy from energy-dense, nutrient-poor foods ( À 12.0% E vs À 4.3% E, Po0.001) and greater increases in the energy contribution from fruits (Po0.001), vegetables (P ¼ 0.003) and breads/cereals (P ¼ 0.02). CONCLUSIONS: Use of a commercial web-based weight loss program facilitated some improvements in the dietary intake. The enhanced web-based tools appeared not to have generated greater improvements in reported dietary intake, compared with the basic or control groups. Those who achieved a weight loss of X5% improved their dietary intake in line with the program recommendations and dietary guidelines. Further research to determine web-based components that may improve success and the reasons why programs are successful for some participants is required.
INTRODUCTION
Dietary change is essential for successful and sustainable weight loss. However, few studies report whether weight loss programs impact on dietary intake or what dietary changes are made by those who are successful in achieving clinically significant weight loss. 1 This limits the ability to identify the dietary behaviours that are amenable to change and that contribute to successful weight loss outcomes. Furthermore, it is important to establish whether diet quality is positively or negatively affected during program participation, as a poor diet quality may compromise the health benefits of weight loss. 1 As obesity prevalence increases, the demand for weight loss programs with a broad reach escalates. 2 Owing to the growth in Internet access during the last decade, 3 web-based treatment approaches have the potential to reach a large number of people. Weight loss can be achieved using web-based interventions 4 and programs with additional features such as counselling and/or individualized feedback may enhance effectiveness compared with those providing education only. 5 Most web-based weight loss intervention studies have inadequately reported changes in dietary intake, predominantly reporting only the change in total energy intake. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Only three web-based weight loss randomized controlled trials (RCTs) have comprehensively evaluated dietary intake, with all reporting small improvements across treatment groups but no between-group differences. [16] [17] [18] Therefore, there is currently insufficient evidence to confirm the utility of web-based weight loss interventions in improving dietary intake or whether the addition of web-based features (for example, personalized feedback) facilitates greater improvements in dietary intake.
Therefore, the primary aim of this secondary analysis was to identify the dietary changes associated with participation in a basic (standard features) or enhanced (basic þ personalized feedback and reminders) version of a 12-week commercial web-based weight loss program compared with a waiting-list control group, and to determine whether there were between-group differences in dietary intake change. An additional investigation, unrelated to the RCT design, compared dietary intake changes between successful (weight loss X5% of baseline weight 19 ) and unsuccessful participants in a cross-sectional design. It was hypothesized that after 12 weeks, improvements in daily intakes of total energy, fibre, the percentage of energy from fat, saturated fat, fruits, vegetables and energy-dense, nutrient-poor foods would be superior (i) in the basic and enhanced groups compared with the waiting-list control, (ii) in the enhanced group compared with basic and (iii) in successful participants compared with unsuccessful participants.
SUBJECTS AND METHODS

Study design
This is a secondary analysis of a 12-week RCT, and the methods and primary outcomes of the trial are described in detail elsewhere. 20, 21 Participants were randomized to one of three groups: waiting-list control or a basic or enhanced version of a commercial web-based weight loss program for 12 weeks. The Human Research Ethics Committee of the University of Newcastle, Callaghan, New South Wales (NSW), Australia, approved the study and a written informed consent was obtained from all participants.
Participants
Participants were overweight and obese (body mass index (BMI) 25-40 kg/m 2 ) adults (18-60 years) recruited from the Hunter region, NSW, Australia in October to December 2009. They agreed not to participate in other weight loss programs, pass a health screen, 22 were available for in-person assessments and had access to a computer with Internet access. Exclusion criteria were as follows: pregnancy or trying to conceive, major medical or orthopaedic problems, weight loss of X4.5 kg in the last 6 months and taking medications affecting weight loss.
Control group
The waiting-list control group did not receive access to a weight loss program during the 12 weeks and were requested to maintain their usual eating and physical activity habits.
Intervention groups
Both intervention groups received free access to a commercial web-based weight loss program, The Biggest Loser Club (www.biggestloserclub.com.au), provided by SP Health Co. Pty Ltd. The program was based on social cognitive theory 23 and targeted key mediators of behaviour change. The basic program included evidence-based features of weight management programs delivered by the Internet, 24 including goal setting, selfmonitoring with feedback, education materials and social support. The enhanced program included all features of the basic program, as well as more comprehensive feedback reports at enrolment and weekly thereafter and additional reminders to use the program features. The key features of the basic and enhanced programs are outlined in Table 1 and have been described in detail previously. 20, 25 The dietary prescription for both groups was consistent, that is, they were aiming to achieve an individualized daily kilojoule restriction B2600 kJ less than their estimated energy requirements. To promote diet quality, both groups were provided with low-fat meal plans to meet their kilojoule target and received feedback on their nutrient intake compared with the Nutrient Reference Values for Australia-and New Zealand-recommended targets. 26 In addition, as part of the feedback reports, the enhanced group received additional individualized feedback on their daily energy, saturated fat, fibre, fruit and vegetable intake, as well as 'high-risk' eating behaviours, such as skipping meals.
Measures
Height was measured on a Harpenden portable stadiometer (Holtain Limited, Dyfed, UK).Weight was measured on a digital scale (CH-150kp, A&D Mercury Pty Ltd, Adelaide, SA, Australia) at baseline and at 12 weeks and the BMI (kg/m 2 ) was calculated. Dietary intake was assessed using the Australian Eating Survey (AES), a 120-item semiquantitative food frequency questionnaire (FFQ) . The AES has been tested for reliability and relative validity and demonstrates acceptable accuracy for ranking nutrient intakes in Australian adults. 27 Information about usual frequency of intake of 120 food items over the previous 6 months at baseline and for the previous 12 weeks at follow-up was collected. A standard portion size was used for each food item, determined using 'natural' serving size (for example, slice of bread) or those from the 1995 National Nutrition Survey (unpublished data from the Australian Bureau of Statistics). Frequency options for food items ranged from 'never' up to 'X4 times per day' and up to 'X7 glasses per day' for beverages. Individual mean daily intakes were calculated using FFQspecific programs applying the Australian food composition database, AusNut 1999 (All Foods) Revision 14 (Australian Government Publishing Service, Canberra). Total daily energy, sodium, sugar and fibre intakes were calculated, and daily macronutrient intakes were converted to the percentage of total energy to allow for comparison with recommended targets.
Foods were categorized into groups according to the Australian Guide to Healthy Eating's 28 'core' foods (that is, breads/cereals/rice/pasta/ noodles; fruits; vegetables; milk/yoghurt/cheese; lean meats/fish/poultry/ eggs/nuts) and 'non-core' energy-dense, nutrient-poor foods (that is, sweetened drinks (for example, soft drink), packaged snacks (for example, crisps), confectionery (for example, chocolates and lollies), baked sweet products (for example, cakes, muffins, scones), deep-fried or take-away foods (for example, pies, pizza), fatty meats (for example, salami, devon) and condiments (for example, tomato sauce)). These food groups were further divided into eight food subgroups (that is, fatty meats, packaged savoury snacks, confectionery, baked sweet products, deep-fried or takeaway foods, soft drinks, breakfast cereals and condiments). The energy content of food items from the same food groups and subgroups was combined to calculate the percentage of energy contributed by each group. Table 1 . Description of the basic and enhanced commercial web-based weight loss programs
Basic and enhanced Enhanced only
Participants set weight loss goals, advised to self-monitor their weight, waist and hip girths. Encouraged to self-monitor via weekly e-mail and/or SMS reminders to enter weight on website. Entered data were tracked and displayed graphically and in a body (BMI) silhouette. Individualized daily calorie targets to facilitate 0.5 À 1 kg weight loss per week (B 2600 kJ less than their estimated energy requirements).
Access to weekly low-fat menu plan and grocery lists designed to meet nutrient reference values (41) and daily calorie target.
Web-based food and exercise diary to monitor energy intake and energy expenditure. Daily and weekly calculations of energy balance and nutrient summaries compared with recommended targets (41) if food entries made in online diary.
Online education in the form of weekly tutorials, fact sheets, meal and exercise plans and weekly challenges.
Social support via online discussion forums.
Personalized automated enrolment reports suggesting appropriate weight loss goals and key behaviour changes required for success. Eating behaviours targeted included total energy, saturated fat and fibre intake, daily serves of fruits and vegetables, 'high-risk eating behaviours' (e.g., skipping meals, not eating breakfast, drinking soft drinks) and non-hungry eating triggers. Weekly automated personalized feedback for key elements of diet and physical activity based on diary entries; usage patterns for website features; and level of success with weight loss. Eating behaviours targeted were consistent with the enrolment reports.
Reminders to use the online diary visit the site and/or weigh-in. The reminder schedule included an initial reminder email; if no response, a text message; if no response, a phone call.
Abbreviations: BMI, body mass index; SMS, short message service.
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Misreporting of energy intake
Plausible reporters were identified at baseline using the Goldberg cutoffs 29 with basal metabolic rate calculated using the Schofield equation (29) . A physical activity level of 1.55 was assigned for all participants. 30 Using the Goldberg cutoffs, the upper and lower confidence limits were calculated. Participants with an energy intake basal metabolic rate42.75 were classified as over-reporters and those with an energy intake basal metabolic rateo0.87 as under-reporters.
Of the 309 participants recruited to the study, 304 completed the AES at baseline assessments and 88% were classified as 'plausible' reporters, 34 as under-reporters and two as over-reporters. Only plausible reporters at baseline were included in the primary analysis (n ¼ 268), with the assumption that they would be plausible reporters at 12 weeks. 31 There was no significant difference in the number of plausible reporters across the three groups (control n ¼ 92, basic n ¼ 86, enhanced n ¼ 90, P ¼ 0.818).
Statistical analysis
Data analysis was undertaken using Stata 11.0 (StataCorp, College Station, TX, USA).
Differences between the groups at baseline were tested using analysis of variance for continuous variables and w 2 for categorical variables.
Analysis of covariance was used to test for differences in weight and dietary intake at 12 weeks between the groups. An intention-to-treat approach was used with baseline observation carried forward for those lost to follow-up at 12 weeks (n ¼ 38). To test for differences in weight, the model was fitted using linear regression with weight at 12 weeks as the outcome variable, treatment group as the predictor variable and weight at baseline included as a covariate. To test for differences in dietary intake variables, the model was fitted using linear regression with the dietary intake variable (for example, energy intake) at 12 weeks as the outcome variable, treatment group as the predictor variable and dietary intake variable (for example, energy intake) at baseline included as a covariate. Post hoc analysis was performed using the Tukey-Kramer method.
For participants who completed the 12-week assessments (n ¼ 230), weight loss was calculated from baseline to 12 weeks, and participants were categorized as successful if they achieved a X5% weight loss or unsuccessful (o 5% weight loss). The Wilcoxon rank sum test was used to test for differences in dietary intake between successful and unsuccessful participants at baseline. Analysis of covariance was used to test for differences in dietary intake variables between successful and unsuccessful participants at 12 weeks. The models were fitted using linear regression with dietary intake at 12 weeks as the outcome variable, successful/ unsuccessful as the predictor variable and weight or dietary intake at baseline included as a covariate. Post hoc analysis was performed using the Tukey-Kramer method.
RESULTS
Participants
Participants (n ¼ 268) had a mean±s.d. age of 42.3±10.1 years, a BMI of 32.1 ± 3.9 kg/m and 59.7% of participants were women. Baseline demographic characteristics did not differ by treatment group (Table 2) . Of the 268 participants, 230 completed the 12-week follow-up assessment (85.8%). There were significant differences in retention rates at 12 weeks across the three groups (B: 76.7%, E: 87.8%, C: 92.4%, P ¼ 0.009).
Weight loss From intention-to-treat analysis, both the basic and enhanced groups lost significantly more weight compared with the controls, and the enhanced group lost significantly more weight compared with the basic group after 12 weeks (B: À 2.3±3.4 kg or À 2.5%, E: À 3.1 ± 4.0 kg or À 3.4%, C: þ 0.5 ± 2.3 kg or þ 0.6%, Po0.001; Table 3 ). Among study completers, both the basic and enhanced groups lost significantly more weight compared with the controls but there was no significant difference in the weight change in the basic and enhanced groups (B: À 3.0 ± 3.6 kg or À 3.2%, E: À 3.5 ± 4.1 kg or À 3.9%, C: þ 0.5 ± 2.5 or þ 0.6%, Po0.001). Twenty-one percent of study completers (n ¼ 49) achieved X5% weight loss and were classified as successful. There were no significant differences in the baseline demographic or anthropometric characteristics between successful and unsuccessful participants. A significantly higher proportion (Po0.001) of participants in the basic (27.3%) and enhanced (36.7%) was defined as successful, than in the control group (2.4%).
Baseline dietary intake Participants reported consuming (mean±s.d.) 10 673±2844 kJ/ day, with 31% energy from fat, 46% carbohydrate, 18% protein and 5% alcohol. Energy-dense, nutrient-poor foods contributed 41% to overall energy intake, followed by breads/cereals/rice/ pasta (18%) and lean meats/fish/poultry/eggs/nuts (17%). The dietary intake of treatment groups was similar at baseline for the majority of dietary variables (Table 3) . However, the control group reported a significantly lower percentage of energy contributed by dairy foods (P ¼ 0.001) compared with the other groups, the enhanced group reported a significantly higher proportion of energy intake from baked sweet products compared with the basic group (P ¼ 0.047) and the controls reported a significantly higher percentage of energy from fatty meats compared with the basic group (P ¼ 0.01). Successful participants reported a Dietary intake after a web-based program MJ Hutchesson et al significantly higher percentage of energy contributed by condiments compared with unsuccessful participants (Table 4) .
Change in energy, macronutrient and food group intakes by treatment group After 12 weeks, there were no significant differences in the mean reduction in daily energy intake (B: À 1179 ± 2620, E: À 1588±2223, C: À 949±2247 kJ/day), macronutrients (%E), alcohol (g), sugar (g), fibre (g), sodium (mg) or the majority of food groups and subgroups (%E) among the groups (Table 3) . Both the basic and enhanced groups increased their percentage of energy intake from core food groups and decreased the percentage of energy from energy-dense, nutrient-poor foods compared with controls (Po0.0001), which equated to a reduction in energy intake of À 985 kJ/day (B), À 1324 kJ/day (E) and À 739 kJ/day (C). Both the basic and enhanced groups significantly increased their percentage of energy intake from fruits compared with controls (Po0.001). The basic group reported a significantly greater reduction in the percentage of energy from confectionary compared with controls (P ¼ 0.03), and the enhanced group reported a significantly greater increase in the percentage of energy from breakfast cereals compared with controls (P ¼ 0.03).
Changes in energy, macronutrient and food group intakes for successful and unsuccessful completers Successful participants reported significantly greater (Po0.001) reductions in energy intake ( À 2789±2893 kJ/day) compared with unsuccessful participants ( À 1077 ± 2260 kJ/day; Table 4 ). Successful participants reported no significant changes in the percentage of energy contributed by fat and carbohydrate but reported significantly greater increases in the proportion of energy from protein (Po0.05), as well as greater reductions in total sugars (Po0.001), and sodium (P ¼ 0.02) compared with unsuccessful participants. Successful participants showed significantly greater reductions in the proportion of energy from energydense, nutrient-poor foods, equating to a À 2335 kJ vs À 870 kJ reduction. They increased the percentage of energy contributed by fruits (Po0.001), vegetables (P ¼ 0.003), breads/cereals/rice/ pasta/noodles (P ¼ 0.02) and breakfast cereals (P ¼ 0.002) and reported significantly greater reductions in the proportion of energy contributed by soft drinks (P ¼ 0.03), baked sweet products, such as cakes and pastries, (P ¼ 0.0001) and deep-fried take-away foods (P ¼ 0.007; Table 4 ).
DISCUSSION
This study provides a comprehensive assessment of the dietary intake changes made by adults participating in a commercial webbased weight loss RCT. Similar patterns of dietary change were observed across the three groups. Although the extent of dietary change tended to be greater in the intervention groups, few significant differences in dietary changes were detected between the intervention and control groups, and no differences were detected between the basic and enhanced groups. An important aspect of our findings was that participation in the commercial web-based weight loss programs did not compromise existing positive eating habits, and some improvements were evident. The magnitude of change in daily energy intake was consistent with other web-based weight loss intervention studies 6, 7, 15 and was largely because of a significant decrease in the energy contributed by energy-dense, nutrient-poor foods. Intervention participants increased the energy contribution from fruits and moved closer to the recommended two serves per day. 28 Intakes of most macronutrients at baseline were within Australian Nutrient Reference Values 26 and were unchanged after 12 weeks. Baseline sodium intakes exceeded the recommended upper limit (2300 mg/day) 26 but both intervention groups reduced their mean intake to this level at 12 weeks. Despite these positive improvements, there are still a number of avenues that can be targeted for further dietary improvement. Although intervention participants reduced their intake of energy-dense, nutrient-poor foods by up to three serves per day, they were still consuming on an average B3300 kJ/day from this category (6 to 7 serves). At baseline, the mean saturated fat intake of all participants was higher than the target level of o7-10% of energy 26, 32 and remained high at 12 weeks. Therefore, additional behavioural strategies or longer treatment may be required to achieve greater reductions in saturated fat intake and the consumption of energydense, nutrient-poor foods.
Research suggests the provision of individualized feedback or counselling as part of a web-based weight management intervention is associated with a greater weight loss success, 33 but little is known about its association with dietary intake. In this study, participants in the enhanced group lost significantly more weight compared with the basic group after 12 weeks, but there was no difference in dietary intake change between the intervention groups. However, as the receipt of the weekly personalized feedback on dietary intake was dependent on participants completing the online food diary, the frequency of feedback was likely to be inconsistent among participants. It is known from previous public health interventions delivered via the Internet, 34 including an investigation of the current commercial weight loss program, 35 that participant engagement with online features is inconsistent and declines over time. This variation in intervention dose may help explain why dietary intake did not differ between the enhanced and basic groups. Further, as the relative macronutrient content did not change substantially, the reduction in energy intake may have been accomplished by a small reduction in the frequency of consumption across a broad range of foods captured in the FFQ. It is also possible that intervention participants reduced the portion size of food items, which we were not able to detect because of the semiquantitative nature of the FFQ. Therefore, further evaluation of enhanced webbased program features, such as personalized feedback, is required to determine what features are necessary to elicit and support individuals to positively change their eating habits.
Few studies have reported the dietary changes made by overweight and obese adults who are successful in achieving weight loss 1 ; therefore, this study's comparison of changes made to dietary intake by successful and unsuccessful participants is novel. Participants were set a daily calorie target to facilitate a 0.5-1 kg weight loss per week (approximately 2600 kJ/day less than their estimated energy requirements) and successful participants reported energy intake reduction consistent with this recommendation ( À 2789 kJ/day), whereas unsuccessful participants did not ( À 1077 kJ/day). The recent weight loss maintenance RCT found that increasing fruit and vegetable intakes may help achieve weight loss, 36 which is consistent with the findings in this study that successful participants achieved greater increases in the energy contributed by fruits and vegetables. Successful participants also reduced their consumption of energy-dense, nutrient-poor foods by B2300 kJ/ day or approximately three serves per day. It appears that successful participants replaced energy-dense, nutrient-poor foods with nutrient-dense, lower energy 'core' foods such as fruits and vegetables, thereby decreasing the energy density of their total diet. Overall, participants who were successful in achieving clinically significant weight loss after 12 weeks made changes consistent with dietary guidelines and the key intervention messages. The next step for researchers is to determine why and how successful participants were able to achieve positive improvements to their dietary intake. This knowledge will help progress the design and effectiveness of behavioural weight loss interventions, to improve the likelihood of Table 3 . There are several limitations to consider when interpreting the results of this study. Dietary intake was self-reported and is therefore vulnerable to reporting bias. To address this issue we identified misreporters of energy intake using the Goldberg method and only included plausible reporters in the analysis. Dietary data were obtained using a validated semiquantitative FFQ in order to reduce participant burden, as well as the research costs. 37, 38 However, this form of dietary assessment may not have been sensitive enough to detect changes in dietary intake in the short 12-week time frame, nor could it detect changes in portion sizes consumed, only frequency of consumption. Participants in the intervention groups were asked to self-monitor their dietary intake using an online food diary. Diary completion may have increased their awareness of dietary intake, which may have influenced how the FFQ was completed at 12 weeks. The RCT was powered to detect a significant difference in the primary outcome (BMI change) between the three groups, not dietary intake. Therefore, owing to these limitations, not all changes made to dietary intake or all between-group differences may have been detected.
The provision of commercial web-based weight loss programs facilitated some positive dietary changes, including significant reductions in consumption of energy-dense, nutrient-poor foods and increases in fruit intake. Enhanced web-based tools, such as the personalized feedback, did not generate significantly greater improvements in reported dietary intake, compared with the usual web-based weight loss program, but the extent of change in dietary intake tended to be greater in the intervention groups. This suggests that further evaluation of the impact of web-based weight loss interventions on dietary behaviours using larger sample sizes is warranted. Participants who achieved a weight loss of 5% or more after 12 weeks improved their dietary intake in line with the program recommendations and national dietary guidelines. Further research is required to determine the reasons why web-based weight loss programs facilitate positive changes to eating behaviours in some participants only.
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